Background: This study evaluated the effects of C. verbenacea essential oil topically administered in a rat periodontitis model. Methods: Periodontitis was induced on rats in one of the mandibular first molars assigned to receive a ligature. Animals were randomly divided into two groups: a) non-treatment group (NT) (n = 18): animals received 1mL of vehicle; b) C. verbenacea group (C.v.) (n = 18): animals received 5mg/Kg of essential oils isolated from C. verbenacea. The therapies were administered topically 3 times daily for 11 days. Then, the specimens were processed for morphometric analysis of bone loss. The ligatures were used for microbiological assessment of the presence of Aggregatibacter actinomycetemcomitans, Tannerella forsythia and Porphyromonas gingivalis using PCR. The gingival tissue was collected to Elisa assay of interleukin (IL)-1α and IL-10 levels.
Background
Periodontitis is one of the main chronic inflammatory diseases presenting the most prevalent form of bone pathology in humans [1] . Indeed, a majority of adults suffer from moderate periodontitis, with up to 15% of the population being affected by severe generalized periodontitis at some period in their lives [2] . This disease is characterized by an infectious condition leading to the occurrence of supporting tissue destruction, which is host-mediated by local production of immune-inflammatory markers in response to pathogens and their products [3] . Innumerous pro-and anti-inflammatory mediators have been identified in the gingival tissue or in crevicular fluid as a result of cellular responses to periodontopathogens [4] [5] [6] . Among the host mediators produced after microbial recognition, the pro-inflammatory cytokine interleukin (IL)-1 has been described to represent important role in periodontitis pathogenesis, being associated with inflammatory cell migration and osteoclastogenesis progression [7, 8] . Conversely to the destructive mechanism that involves proinflammatory cytokines, regulatory pathways mediated by anti-inflammatory mediators such as IL-10 can protect periodontal tissues. In fact, it has been evidenced that IL-10(-/-) mice present increased susceptibility to P. gingivalis-induced alveolar bone loss, suggesting a role for IL-10 in the control of destructive inflammation [9] .
Within this context, studies have investigated strategies to modulate the host's immune-inflammatory response associated with periodontal disease. Some previous preclinical and clinical studies showed that both conventional Nonsteroidal anti-inflammatory drugs (NSAIDs) and those selective inhibitors of Cyclooxygenase-2 (COX-2) are able to modulate a host's immune-inflammatory reaction [10] [11] [12] [13] [14] [15] . However, the systemic use of these drugs is commonly associated with side effects, impairing patients' compliance to their consumption [16] . Although the local utilization of NSAIDs and other anti-inflammatory agents has been examined in some studies, many of them have revealed unsatisfactory results in controlling inflammation when these drugs are topically administrated [17] [18] [19] .
To overcome this aspect, there is compelling evidence that many plants or their active components used in traditional medicine might be useful for the treatment of inflammatory conditions [20] [21] [22] . Considering the growing interest in plant-derived drugs, studies have focused in the use of natural products to prevent oral diseases such as periodontitis [21] [22] [23] [24] [25] [26] . Cordia verbenacea, classified as C. curassavica and popularly known as Erva Baleeira, is a perennial plant widespread in the Atlantic Forest and distributed along the Brazilian coastal regions. The phytochemical analysis of products obtained from its leaves has revealed several important constituents such as flavonoids, trans-caryophyllene, αhumulene and others, displaying marked anti-rheumatic, anti-inflammatory, analgesic, and healing activities [27, 28] . The anti-inflammatory effects of C. verbenacea or its essential oil have been successfully evidenced in classical models of inflammation and associated with an important protective effect on the gastric mucosa, as well as very low toxicity [27] [28] [29] [30] . Besides the antiinflammatory properties of C. verbenacea, studies have evidenced that this medicinal plant also displays an important antimicrobial activity [31] [32] [33] . Nevertheless, to date, no study has investigated the impact of C. verbenacea in modulating host immune-inflammatory response and in controlling putative periodontal bacteria in the presence of periodontitis.
New evidence regarding the immune-inflammatory action and antibacterial impact of the C. verbenacea may provide a wider therapeutic window for subjects with periodontitis. Thus, the aim of present study was to determine the effect of C. verbenacea essential oil locally administered in a rat periodontitis model, by evaluating the alveolar bone loss, cytokine levels modulation, and microbiological alterations. The hypothesis was that topical use of C. verbenacea could control the pathogens associated with periodontal destruction, and modulate the pattern of immune-inflammatory markers in tissues presenting periodontitis. It could prevent, in consequence, the progression of periodontal disease, representing a promising new approach for the management of periodontitis.
Methods

Plant material and extraction of essential oil
Fresh leaves and stems of C. verbenacea were collected from the Multidisciplinary Center for Chemical, Biological, and Agricultural Research (CPQBA) of Campinas University (UNICAMP). A voucher specimen (UEC 112744) is deposited at the Biological Institute of UNI-CAMP. The essential oil was extracted from fresh, chopped leaves by hydro distillation for 4 h, using a Clevenger-type apparatus. Under these conditions, the yield of essential oil was 0.37% (considering 80% humidity). Both the crude ethanol extract and volatile oil were analyzed by GC/MS (HP 6890/mass detector HP 5975/ automatic injector 7673 Agilent Technologies, Palo, CA) using a HP-5 fused silica capillary column (30 m × 0.25 mm × 0.25 μm/stationary phase 5% methyl silicone). Helium was used as the carrier gas (1.0 mL/min -1 ). The detector was acquired by electron impact (scan mode) using an ionization energy of 70 eV. One micro liter of sample was injected in the split less mode. The column was initially heated at 60°C and then heated at 3°C/min -1 to 240°C. Injector and detector temperatures were 220°C and 250°C, respectively. The compounds were identified by comparing their mass spectra with the system data bank NIST-2005. A homologous series of n-hydrocarbons C-9-C18 and C-20 was co-injected with the sample in order to calculate the retention index and co-injection of authentic standards to provide additional criteria for identification. The essential oil components were therefore identified crossing their retention index, with comparison of their mass spectrums compared to those of authentic samples.
For the quantitative determination of α-humulene, calibration was carried out using a standard solution of α-humulene in acetone (25-127 μg/ml) containing dibutylphthalate (200 μg/ml) as the internal standard. The correlation between the peak area ratio and the concentrations of the compound was linear over the range tested. In order to determine the contents of α-humulene, oil samples (100.00±0.1 mg) were dissolved in acetone (10 ml) containing the internal standard (200 μg/ml) and aliquots (1.0 μl) injected into the GC/MS. All chemical analyses were performed in triplicate. Purity obtained was 99% to α-humulene.
Rat periodontitis model
The animal cohort was composed of 36 male Wistar rats weighing 308±35 g at the beginning of the study, obtained from the Butantan Institute (São Paulo, Brazil). The rats were 90 d old and were kept in temperaturecontrolled cages, exposed to a 24-h light-dark cycle of equal time, and had free access to water and food ad libitum (Labina, Purina1, Paulinia, SP, Brazil) in the Bioterium of Paulista University. The experimental procedure was approved by the Paulista University Institutional Animal Care and Use Committee (036/10 CEP/ICS/UNIP).
In order to induce experimental periodontitis, one of the mandibular first molars of each animal was randomly assigned to receive a cotton ligature (Corrente Algodão no. 10; Coats Corrente, São Paulo, SP, Brazil) in a cervical position being knotted submarginally. The ligatures were kept in position in order to allow biofilm accumulation over 11 days [15, 22, 25] . The contralateral tooth was left unligated to be used as a control. This procedure was performed under general anesthesia by intramuscular administration of ketamine hydrochloride (10 mg/kg) (Dopalen W , Agribrands Brasil Ltda., Paulínia, SP, Brazil) and xylazine hydrochloride (10 mg/kg) (Rompun W , Bayer S.A., São Paulo, SP, Brazil).
Treatment
After ligature placement, animals were randomly assigned to one of the following groups, according to a computer-generated code: Non-treatment group (NT) (n = 18) animals received topically 1 mL of vehicle and C. verbenacea essential oil group (C.v.) (n = 18) animals received topically 5 mg/Kg body wt. of essential oils isolated from C. verbenacea. Treatments were topically administered with a 1 mL syringe, three times daily (7 a.m., 1 p.m., and 8 p.m.) for 11 days. The animals were adequately contained by the researchers to carry out the treatments without the need for anesthesia.
The animals were evaluated at each of these moments (7 a.m., 1 p.m., and 8 p.m.) throughout the experiment to assess possible clinical or toxicological symptoms. At the conclusion of the experiment, the animals' weights were monitored and compared to the baseline. The animals were euthanized by CO2 inhalation on the 12th day of periodontitis induction. Subsequently, the mandibles were excised for morphometric analysis. For microbiological assessment, the ligatures were removed using a dental nipper. The buccal gingival tissue from the area surrounding the lower first molar submitted to experimental periodontitis was also collected to enzyme-linked immunosorbent assay (ELISA).
Measurement of alveolar bone loss
After gingival dissection, the mandibles de-fleshed after immersion in 8% sodium hypochlorite for 4 h. The specimens were washed in running water and immediately dried with compressed air. To distinguish the cementum enamel junction (CEJ), 1% aqueous methylene blue solution (Sigma-Aldrich W , Saint Louis, MO, USA) was applied to the specimens for 1 min and then washed in running water. Photographs were obtained with a 6.1megapixel digital camera (Canon W 40D, NY, USA) on a tripod to keep the camera parallel to the ground at the minimal focal distance. The specimens were fixed in wax with their occlusal planes parallel to the ground and long axes perpendicular to the camera. Photographs of the buccal aspects were made both in test and control sides. To validate measurement conversions, a millimeter ruler was photographed with all specimens [34] . Alveolar bone loss was determined on the buccal surface of the lower first molars by the distance of the CEJ from the alveolar bone crest, measured at three equally distant sites. The average alveolar bone height was calculated for each tooth.
A single examiner (G.E.B.), who was not aware of the experimental data, carried out morphometric measurements of alveolar bone loss. The measurements were performed after intraexaminer calibration by evaluating 10 non-study images presenting alveolar bone loss similar to the present study. The examiner measured the linear measurements of all photographs twice within 24 hours. The intraclass correlation showed 94.8% reproducibility.
ELISA assay
The collected tissues were placed into sterile tubes containing 400 μl phosphate-buffered saline (PBS) with 0.05% Tween-20. All samples were stored at -20°C. After, the tissue was weighed, then cut into small pieces (1-2 mm 3 ) using scissors, and solubilized in PBS to a final concentration of 100 mg tissue/ml. After extraction on a Vortex mixer for 10 min, each sample was centrifuged at 370 g for 5 min, and the supernatant was collected, divided into small portions, and stored at -70°C until use. To avoid protease activity, the entire procedure was carried out at 4°C. The levels of IL-1α and IL-10 were determined by ELISA using commercially available kits (Quantikine; R&D Systems Inc., MN, USA), according to the manufacturer's instructions. Samples were diluted with the kits' diluents and dilution was taken into consideration for the calculation of the concentration of each substance. This concentration was calculated with a standard curve, prepared using the standard proteins in the kit. The standard curve range used for IL-1α measurement was 15.6-1000 pg/ml and for IL-10 the range was 31.2-1000 pg/ml. ELISAs were run in duplicate and mean values were used to calculate concentrations of each marker.
Microbiological assessment
For detection of P. gingivalis, T. forsythia and A. actinomycetemcomitans, the polymerase chain reaction (PCR) technique was applied using specific primers reported in the literature [35] .
Initially, each removed ligature was individually placed in microtubes containing 0.01 M Tris-EDTA solution, pH 8 (TE). The DNA was then extracted from the subgingival biofilm, as previously described [36] The PCR amplification was performed using 5uL sample added to 45uL reaction buffer containing 1.5 mM MgSO 4 , 200 uM deoxynucleotide triphosphate, 2 uM of each primer, and 2U of Taq polymerase enzyme (OneTaq Polymerase, New England Biolabs, Ipswich, MA, USA). Positive and negative controls were used in each run. For reaction, the temperature settings were: for A. actinomycetemcomitans and T. forsythia detection, an initial denaturation step of 2 min at 95°C, followed by 36 cycles of denaturation and extension at 95°C for 30 seconds (s), annealing at 60°C for 60 s and extension at 68°C for 60 s, and a final elongation step at 68°C for 120 s; for P. gingivalis detection, an initial denaturation step at 95°C for 2 min, followed by 32 cycles of denaturation and extension at 95°C for 60 s, annealing at 60°C for 60 s and extension at 68°C for 60 s, and a final elongation step at 68°C for 120 s. Reactions were done (Eppendorf Mastercycler gradient, Hamburg, Germany) and PCR products were separated by electrophoresis in 2% agarose gels and Tris-borate-EDTA running buffer (pH 8.0). The DNA was stained with 0.5 mg of ethidium bromide/mL and visualized under UV illumination. Standardized photographs of the images were taken (Canon EOS 400D, Lake Success, NY, USA) and analyzed. The analyses were performed at the Laboratory of Research of Paulista University by a blinded subject.
Statistical analyses
To test the null hypothesis that essential oil of C. verbenacea had no influence on alveolar bone loss and on cytokine levels, intergroup analysis was performed by student's t-test. In addition, the paired student's t-test was used for intragroup comparisons between ligated and unligated teeth. To test the null hypothesis that essential oil of C. verbenacea had no effect on periodontal bacteria, intergroup analysis was performed using Fisher's exact test. The significance level established for all analyses was 5%.
Results
The animals did not show any signs of systemic illness throughout the study period. The rats also did not lose weight throughout the experimental period. Indeed, the tested therapies did not promote side effects or alterations in the animals' behavior and in their general activity related to the toxicity. Deaths were not observed.
Morphometrical results
A significant difference in the alveolar bone loss between unligated and ligated teeth was observed for both groups (p < 0.05), showing that the ligatures around the teeth were able to promote bone loss. Measurements of alveolar bone loss in ligated mandibular molars revealed significantly higher bone-loss values in the NT group compared with C.v. group (p < 0.05). Figure 1A ,C illustrate the morphometric findings. Figure 1D shows the gingival tissue mediator levels of IL-1α and IL-10 evaluated for both groups. Eleven days after the experimental periodontitis induction, the levels of IL-1α were lower in C.v. group when compared to NT group (p < 0.05). Conversely, the levels of IL-10 were higher in tissues treated with C. verbenacea essential oil than those not treated (p < 0.05).
Gingival tissue cytokine levels
Microbiological outcomes
The frequency of detection of the pathogens evaluated in the ligature of each group is presented in Figure 1E . Figure 1F illustrates representatives reverse transcription-PCR products of periodontal pathogens observed in one animal of C. verbenacea essential oil group. T. forsythia was not detected in any ligature biofilm in both groups. In the C.v. group, A. actinomycetemcomitans was found in 7.1% of the rats, whereas in the NT group this pathogen was detected in 36% of the animals. However, no significant difference in the frequency of detection between groups was observed for this pathogen (p > 0.05). Regarding P. gingivalis detection, the C.v. group presented a statistically lower frequency of detection, 13.5%, than NT group, in which P. gingivalis was detected in 60% of ligatures (p < 0.05).
Discussion
Although it is well established that periodontitis is an infectious disease, the host immune and inflammatory response to the microbial challenge has an essential role in the periodontal breakdown [3] . Considering the better understanding of the participation of host immuneinflammatory mediators in disease progression, the use of modulating agents as an adjunctive therapy to the periodontal treatment has been encouraged to provide innovative visions of the management of periodontitis [5, 21, 22, 37, 38] . In this context, the use of C. verbenacea, a medicinal plant with anti-inflammatory and antimicrobial proprieties, could represent a promising future strategy in treating periodontal diseases. This study evaluated, for the first time, the anti-inflammatory and antibacterial impact of topically administrated C. verbenacea in preventing the progression of periodontitis. In general, the outcomes demonstrated that the use of C. verbenacea was effective against periodontal pathogens; it also positively modulated immune-inflammatory response, minimizing the alveolar bone loss in ligature-induced periodontitis.
In the current investigation, morphometric analysis demonstrated that the therapy with topical C. verbenacea essential oil promoted an important decrease in bone loss, whereas in the non-treated group the periodontal breakdown was higher. This protective effect displayed by C. verbenacea treatment may be associated with modulation of the inflammatory reaction, as previously indicated by other research, which revealed that compounds isolated from C. verbenacea exerted important anti-inflammatory activity in different experiments [27, 29] . In line with these data, Sértie et al. [30] demonstrated that the topical administration of similar doses of C. verbenacea than those used in the current investigation significantly inhibited nystatin-induced edema. The marked influence of C. verbenacea and its components in attenuating inflammatory disorders could be explained, at least in part, by the downregulation of pro-inflammatory mediators, such as TNF-α and IL-1β [27, 39] . In fact, our results demonstrated a reduction in the proinflammatory IL-1α levels when the therapy with C. verbenacea was applied. The biologic activity of IL-1 is extremely diverse, with the focus on the activation of acute phase proteins, prostaglandins, and other cytokines, the induction of collagen and collagenase synthesis, and calcium resorption in bones [7, 8] .
Conversely, the topical use of C. verbenacea essential oil in this investigation promoted an elevation in the levels of anti-inflammatory IL-10 11 days after the therapy. Of interest, the effects mediated by IL-10 may involve the downregulation of pro-inflammatory markers or also present a protective role in tissue destruction, regulating both matrix metalloproteinases and receptor activator of NF-К B (RANK) systems [40, 41] .
Recently, it has also been suggested that IL-10 has a direct role in bone tissue formation, since the alveolar bone loss in the absence of IL-10 is associated with a reduced expression of osteoblast and osteocyte markers, independently of microbial, inflammatory, or boneresorptive pathways [42] .
In addition to modulating the IL-1 and IL-10 levels, other mechanisms could explain the anti-inflammatory activities exerted by C. verbenacea. Fernandes et al. [39] demonstrated that its essential oil is able to inhibit the production of prostaglandin-E2 (PGE2) and regulate inflammatory proteins, such as COX-2 and inducible nitric oxide synthase (iNOS) enzymes. Contradictorily, Passos et al. [27] showed that the anti-inflammatory action of C. verbenacea was not related to the decline of PGE2 levels, suggesting that the mechanism of action of this natural plant seems to be different from that of nonsteroidal anti-inflammatories. Obviously, since the hostdefense mechanisms are sustained by an enormous network of pro-and anti-inflammatory mediators that may exert antagonist and/or synergic biological activities, further studies are required to better characterize the role of C. verbenacea in the modulation of immuneinflammatory responses when periodontitis is present.
Previous findings have also indicated that constituents of C. verbenacea, such as the sesquiterpenes α-humulene, that exhibit a rapid onset and good absorption following topical administration are probably responsible for the anti-inflammatory actions displayed by the essential oil of this natural plant [27, 31] . Accordingly, the purity of αhumulene in the C. verbenacea essential oil used in the present experiments was 99%, supporting the positive In association with the better knowledge of the role of host immune response in modulating periodontal collapse, investigators have focused on the advance of novel therapeutic strategies of host-modulatory agents for the treatment of chronic inflammatory diseases, including periodontal disorders [5, 43, 44] . NSAIDs are considered an important pharmacologic class of agents that act as modulators of the host response, modifying the progression of periodontal disease, as evidenced by animal studies [10, 11, 15] . Although some evidences are controversial, clinical data have also shown that the systemic administration of these drugs may offer supplementary benefits in periodontal therapy when combined with scaling and root planning [12] [13] [14] . However, the systemic use of both non-selective and selective inhibitors of COX-2 are frequently linked to various side effects, including gastroduodenal and renal complications, impairing patient compliance to their use, especially when continued periods of administration are required [16] . The topical administration of these and other anti-inflammatory agents seems also to not promote satisfactory effects in modulating host immune response [17] [18] [19] .
Conversely, earlier data have demonstrated that the natural agent C. verbenacea displayed an anti-inflammatory activity linked to a vital protective effect on the gastric mucosa, and very low toxicity in acute models of experimentation in rats when systemically or topically administered [27] [28] [29] [30] [31] . Moreover, it was revealed that C. verbenacea presents an imperative antiulcer effect, contributing to the preservation of mucosal integrity [45] . It is important to mention that previous findings demonstrated that the potent anti-inflammatory activity of this medicinal plant has an efficacy similar to that of well-established NSAIDs [30] . For that reason, the use C. verbenacea would be important strategy to modulate periodontal disease, avoiding the adverse effects attributed to other anti-inflammatory drugs, especially we consider that their positive effects may be achieved using local administration, as observed in this study. Further, this therapeutic alternative would also allow the possibility of a longer period of drug administration in periodontal disease treatment.
In addition to these exposed advantages concerning the topical use of C. verbenacea essential oil, evidence demonstrating the antibacterial potential of C. verbenacea and its components [31] [32] [33] could greatly support their utilization in the therapy of infectious diseases such as periodontitis. Our microbiological data demonstrated that this medicinal plant might positively interfere in the decrease of putative periodontopathogens. While a trend toward the reduction of A. actinomycetemcomitans has been observed, a significant decline of P. gingivalis was verified in the present microbiological assays. In line with these findings, Hernardez et al. [46] demonstrated the antibacterial activity of the essential oil of C. verbenacea against bacteria related to gastrointestinal, respiratory, and dermatological disorders, both Gram-negative and Gram-positive. On the other hand, Michielin et al. [33] revealed that some extracts from C. verbenacea were more effective against Gram-positive (Staphylococcus aureus and Bacillus cereus) than Gram-negative bacteria (Escherichia coli and Pseudomonas aeruginosa). Of interest, to our knowledge, this is the first study to investigate the antibacterial impact of topically applied C. verbenacea in pathogens related to periodontitis, hampering a more direct comparison with the outcomes from other investigations. Although further investigations are needed to determine the exact mechanisms involved in the antibacterial effect of C. verbenacea, the antimicrobial activity displayed by the essential oil in extracts of this plant can be attributed to the presence of constituents such as aromatic compounds, which have previously shown antimicrobial activity [33] . Nevertheless, additional investigations are required to establish which constituents are accountable for their antibacterial properties. Interestingly, T. forsythia was not found in any ligature biofilm in both groups of the present study. In fact, although this species is considered a recognized periodontal pathogen associated with human subgingival biofilm in periodontal pockets, other studies assessing the ligature-induced biofilm in rats also did not find T. forsythia among the bacteria population [47] .
Within the limitations of this investigation, it was demonstrated that C. verbenacea oil topical preparation was effective in protecting alveolar bone loss in ligatureinduced periodontitis, which might be mediated, in part, by its inhibitory effect on the periodontal pathogens and, in part, by its modulatory role in the immuneinflammatory response. In the current paradigm of periodontal disease, periodontal pathogens are required for disease beginning; however, the extent and severity of periodontal destruction are dependent on the nature of host response to the bacterial challenge. Until now, most of the therapeutic agents suggested as adjunctive to periodontal therapy targeted antibiotic or anti-inflammatory effects. The development of novel therapeutic strategies combining simultaneously both the host-modulatory effect and the antibacterial activity would increase the likelihood of successfully managing periodontitis. The attractive outcomes observed in the present study, linked with the combined anti-inflammatory and antibacterial therapeutic actions of C. verbenacea, support the continued investigation of this plant as a potential new way to control the deterioration of tooth-supporting tissues in individuals suffering from periodontal disease.
It is important to highlight that the present study did not include therapeutic groups to evaluate other anti-inflammatory agent effects since the primary aim of this investigation was to assess the effects of C. verbenacea. As this study was the first to analyze whether the topical application of C. verbenacea could promote some protective effect against periodontal destruction, only a control group using a vehicle substance was used in comparison with the C. verbenacea essential oil group. Although it may be considered a limitation of the present trial, we believe that the absence of other comparative groupssuch as saline or another anti-inflammatory agent groupdoes not invalidate the outcomes obtained in the present investigation. Nevertheless, a comparison with other therapies could bring additional information concerning the real relevance of C. verbenacea in modulating periodontitis, and it needs to be evaluated in future investigations.
Recently, the Brazilian market released this plant for the industrial production of therapeutic agents, and a commercial preparation with C. Verbenacea is available to treat musculo-skeletal disorders and tendinitis. Further data are required to consider this natural agent and its constituents as adjunctive in periodontal therapy in clinical practice, and provide new insights for its antibacterial action and its modulation of periodontal disease progression.
Conclusion
C. verbenacea oil topical preparation is effective in protecting alveolar bone loss in ligature-induced periodontitis, which might be mediated, in part, by its inhibitory effect on the periodontal pathogens and, in part, by its modulatory role in the immune-inflammatory response.
